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&„• T ^ present ,nven *°n Is a coafing composition 
having good scratch resistance and a method for 
ZT 9 the scratch resistance 0, a coating compoS 
ton. The coatmg composition comprises 

Sc^ l S, f ° rmin9 Wnder s y &sm containing a 

SrSS? - reS "l 3nd ° Pti0nal,y a CT0SsJin ^ 
agent for the crosslinkable resin- 

(B) substantially coloriess cafcide or inorganic 
.nucropartdes. range in size from about 1 to 1000 
nanometers prior to incorporation i n the coating 
SftS ' Tt* 9 ™°PVtdes are reactivl 
bTde^ Bnkable P ° rt0n - *• »" *>™V 

(C) a solvent system for the crossfintable resin 
optional crosslinWng agent and micrcparticles, ' 

m^oparticles are present in an amount from 0.1 to60:o 

c°2l ^ b3Sed ° n the sum of * e lights of the 
crosslmkable resin, the optional crosslinWngTgent a3 
inorganic microparticles. 
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Description 



Field of the tnvflnHnn 

^ The invention is related to a coating composition demonstrating good scr atch resistance and a method for imnrmr 
ing scratch resistance of a coating composition. N v 

Background of the Invention . .« 

Clearcoat coating compositions comprising the outermost automotive coating are subject to damage caused bv 
numerous elements. These elements include environmental fallout exposure to ultraviolet radiation emitted from sun- 
and 6 hUmidity 81 hiSh temp t erature ' defects * smaI1 ' natti resutting in scratching 

i^tll^h' f °l de 8 that is ™ re r <* islant t0 environmental etch, while resulting in a film that is 

less scratch resistant A softer film may provide a more scratch resistant coating, with lessened etch resistance. 

"*x*$W. » « most preferable to produce a coating having an optimum mix of characteristics with regard to var- 
ious formsof damage resistance. In order to be commercially successful, a.coating should provide as many favorable 
characteristics as possible. The sum of all of the characteristics of any particular coating determine its value in the real 
world of automotive coalings. 

It is therefore, an object of the present invention to provide a clearcoat composition exhibiting good scratch resist- 
ance without compromising durability of the coating in other areas. 

Summa ry of the Invention , 

The present invention is directed to a clearcoat composition having good scratch resistance and a method for 
improving scratch resistance of a clearcoat coating composition. The scratch resistance of the coating Is improved by 
tne addition of reactive inorganic micropartides to the coating composition. 

The clearcoat coating composition of the present Invention comprises: 

(A) a film forming binder system, containing a crosslinkable resin, and optionally a crosslink™ agent for the 
crosslinkable resin; 

(B) colorless inorganic micropartides, comprising a functionality readable with the crosslinkable resin the micro- 
partides prior to incorporation in the coating composition, ranging in size from about 1 to 1000 nanometers; 

(C) a solvent system for the crosslinkable resin, and optional crosslinking agent 

wherein the crosslinkable resin is in an amount of from lo'to 80% by weight and the inorganic micropartides are 
present m an amount from about 0.1 to 60 % by weight, preferably 5.0 to 40% by weight based on the sum of the 
weights of the crosslinkable resin, the optional crosslinking egent and the organic micropartides. 

Detailed D escription of the Preferred Embodiment 

r^-rl 00 * 11 ' 19 5°,"]P? sWon 01 P™ 881 * invention comprises a binder system containing a prindpal crosslinkable 
reaa The crosslinkable resin may be any crosslinkable resin suitable for use in waterborne or essentially solvent- 
Msed. dearcoat coating compositions. As used herein, the term 'crosslinkable resin' is intended to' Include not only 
™! ,T^ S C f 3 ^ e a bein9 crossIinked "P 0 " application of heat but also those resins which are capable of being 
crossHnked without the application of heat. Examples of such cros slinkab le resins include thermosetting acrylics ami- 
noplasts. urethanes, carbamate, carbonate, polyesters. epoxTes. silicones and polyamides. These resins, when 
aesared, may also contain functional groups characteristic of more thaFTonT class, as for example, polyester amides 
urethane acrylates, carbamate acrylates, etc. 

•h • fi ^ lc J e f' ms . re,ert0 !" e Generally known addition polymers and copolymers of acrylic and methacrylic acids and 
their est er derivatives, acrylamide and methacrylamide.andacrylonitrile and methacrytonHrile. Examples of ester deriv- 
kIT h ^l!^ meth f 1 CT y iic acids ™ M * alkyl acrylates and eJkyf methacrylates such as ethyl, methyl, propyl, 
butyl, hexyl, ethyfhexyl and lauryl acrylates and methacrylates. as Weil as similar esters, having up to about 20 carbon 

£T P " KT 8 " 71 ^ readHy be Gmp,0yed Exanv,es of such hydroxyalkyl esters 
3 So^SjS ^^wort acr * a,e - 2-hydroxyethyl methacrylate. 2-hydroxypropyl methacrytate. 

alXZ^ ^^"^ methacrylate. and mixtures of such esters having up to about 5 carbon atoms in the 
t^ZZSn^Jr? 'XT*, *hylenically unsaturated monomers can be utilized in the preparation of 
rene JnS LTJXf °? ,nC ' Ude: ^ &T0 ™* C W"*** 0 " 5 bearing halo substituents such as sty- 

rene. alpha-methyl styrene. vinyl toluene, alpha^lorostyrene; non-aromatic monoolef inic and di-olefinic hydrocarbons 
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optionally bearing halo substituents. such as isobutviene 2 w, mBi w* u _ u ., 

robutadine and the like; and esters of otf^SS^^^!^ 'f^*?*' More ^. ch.o- 

Pr0dJCtS - a " aWeh * e «* - «*- or amttc- 
dehyde, ber*aldeh^SS ° f ior ™*W*. acetaldehyde. aotonat 

indudethe etherffiedfi e alkZan^rodu^S^ J 3 " 1 '" 6 " ben ^«"imine. Preferred arrtnopfast resins 

=( prop.0,. bo.no,. is0bW ^ "-ol^^ 

and 

examples of urethane resins typicany utlizedin onV^S^S^ amino ™ ieti «- Some 

alkyd resins. Examples of systems based on uXne ZSS^fTT™ lndUd6: *" '^"^^odif ied 
an organic polyisocyanate or isocyanateSlS i ZZ** IM . ny ^'^ as ^°-P acJ < ^"9 compositions include 
hydrogen as in i^^SS^SS^I" ^ 8 SUbStanCe 

active hydrogen^ntaMng substaS the SSS^^^^7 M ? bn ia * ^ M dtoUty,tin *«"*•>■ ™ e 
polyo. known for use in such two-pa£ SrSS^ 

col; dipropylene glycol; butylene oS TvS^^^^^ 

«"*«« 1.6-hexanediol; ?£ 

ate. Examples of suitable polycarboxylic acids indS n^T^^ Jf^ 6 ^ 2 - 2 ^ m ethyl-3-hydroxypropion- 
tetrahydrophthalic acid; tSJ^S^SSS^Si^S^ 1 ad * terefM)3llC acid: tn ' mel,ilic aa '* 

cinic acid; maleic add; olutari^ "* 5 * acic «*= «~ 

glutanc add; 2^-dimthylglutaric acid; ;maleic acid "rurnaric ^cW Sd JtS^T^S^ aad: 3 ■ 3 ■ dime,hy, - 
where they exist can also be employed and ar P J™=7 ^ k ? aDd - ^hydrides of the above adds, 
which react in a mam?s?miSacWsSf?m^S *i * ^ Edition, substances 

caprolactone. propyJolactSe and M ^oZSZ ^ "H? S " Ch 6Ubstances indude '^ones such as 
propionic ^.ffuSa^^SSSS^^^ ** ™* <*™W 

may be used in the preparation f KSlSSSSS f°f C SUCh 85 aceb ' C ack,,and ben2oic acid 
with fatty adds or glyceride ^Xa^tT^T^^T™ "* mtend6d 10 inC,ude P^ 65 * 9 * modified 
reacting the pdyhydr!c alcoho ^y^^J^TZ lT^ ^ are P ^ uced »* 

oils in various proportions in the^cTof a St^JX™ I * nw £ ftom dryin 9' drying, and non^irying 
Examples of euHabto fatty ^^S^^L^^J^T ^ " * Mc 8Cid ,0 effec1 «terif cation 
palmrUc add. Hnoleic «£ linole^^SSl^^^ " Ste8n ' C ^ * eic aci * ri -° Iei ' a *<- 

1 ,CS!,fcS tal ° Wn ^ r6fer 10 " m ^ eS 0< Gaining more than one 
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clS -'^ cycloanphatic, aromafc or heterocy- 

ides whid? are acryfic resins! S^^^S^^^ ^ he ^ a ^° r PO«W™" 

may be prepared, for example, by ethTn^atioTo^ JnTnof -f 9 ° UPS " ethers of polyphenols 

of an alkali. ExanptaTL^Sj^ or dichJorchydrin in the presence 

b.s(4-hydroxvpheny0iscbutane; 2.2^is(4-hydroxyt^iar^^ P n^o r !^^■ ^ *'! ( * hydr ° xyphenyl)propane: 
hydrogenated derivatives thereof. The p»^SrS2S^^^; ^^roxynapthyDmethane; and the 
duced, for example, by varying the mo.e «2 Se^lo^^XS^ """^ ^ Pr °" 

Ep^xyresinsalsoindudethepolyg.ycidytethersolmononuc.ear^^ 
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° f re Sl Cin01 ' pyro9al!o1 ' Mroquinone. and pyrocatecho! 

rhyd^SS;" 0 !! 9 1^3**2* •f"" 8 * a,Ca ™ s ™* as < h ° Prodis of 6Dic H, 

■ including. to ««*»ound« containing from two to four hydro^ g ^ 

Pane <L. SVcTp^^^ 

clohexyQpropane. fly 01, 1 " 2 - 6 - nexane tool, pentaerythrito! and 2,2 bis(4-hydroxycy- 

a"yl glycwyi ether optionSy In combS^wK^ ^ 9,yddyl melhacr ^.e and 

sjrene. alpha-ethyl styrene. vinyl toluene. t^Z^lS^^Z 5 SU * aS s1yrene " ^Pha-methyl 
ethacryionitrne. ethyl methacryiate. methyl rXcXS^ ™thacryl°nHrile 
methacrylate. * neuiacjyiate, tsopropy! methacrylate, isobulyf methacrylate and isoborrr/l 

The pc^e, „ be represented ^ unas ms io ^ ^ ^ 
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c^£££& B^^^^SSSSS ^erably on to 6 carbon atom,, or 
substituted aJkyi arxi l^^^SSS^!^!^^ *? and ^"O 1 are to include 

impact on the properties of thV «£5 ^ST^-^nSJ 'S?? 1 Subs * uen * «* W» have an adverse 
be susceptible to hydrolysis and JESS h« , ' f aV0ldel For """V* ether linka Ses are thought to 

matrix The values HS^iS'Si Met^T?* T *™ ^ ° in « 
being 90 to 10 % and preferaffy^o ? 0 40 of X bein 9 10 «° «> % and preferably 40 to 60 %. and y 

acrylic add, e.g.. ethyl acryiate, b^TcS^ 

hydroxyethyl methacrylate. Mro^ a ^ a ^ e ^- a ^ ^ mrt «^ methacrylate, 
thyl xylene isocyanate (sold by Ar^S^^^<8?^ ,d T™™ 5 SUCh aS unsatur *^ rn-tetrame- 
. L represents a divalent .inLg g^J ^e^^T^T^" Bnd ^ Ska 
ino group of 6 to 1 0 carbon atoms Examples omncTuX ^ cycfoa,i P hatic ' or link- 
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1 to ^"SS^^S^^^^^ arctic linking group. p referabIy of 

' JP to 8*arbo„ atoms. 'tht Z iZjZ^ST^' ™ n * "»* 

the technique used to prepare the polymer For Im^^'SS ^ J* t<nkna gr0l,3s 03/1 be used > depending on 
turgor*, acry^c polym^the S S S2S2 °"5 " iS0Cya ^ 

anate group. auae 80 NHU ° 0 " urethane linkage as a residue of the isocy- 

As will be appreciated by one skilled irftfie ^^he^^i^^^yo^]]|^»^gf^i ^ hydrogen or amino functionality, 
compatibility with the fiim-forming resin the oarticular I™ J2r , 9 a9entde P endsor > var,ous factors such as 

additon reactions or a combination of both of these When i tre«™2*L * ndensab ? n reactl0ns or ™-free radical 
in the presence of moisture or when the reactentelteS l!^? thermosetting ractants can be crosslinked 
^.inking^^ 

^^-hcorrpZs^^ 

r^n and partially or fully alkylated melamine resin) ureare^LTmS?^ rnonornenc or polymeric melamine 
alknxy ureas sue* as butytafed urea formate S ISlSSS^ n^"", as ^ fo ™*^ resin. 
'oxar.es (e.g.. trimethoxysOoxane). AmincplaSsS^ and ^ 

are especially preferred- Even more prefSed ar^^iSi „ ^ I ehyde rean 0r ureaf ^ldehyde resin 
tauted with a carbamate S roupT,e n e^^^ ° r ° f ^ amino nitro 9 ens fe Eub " 

are the melamine-formaldehyS ^c^erSS Sa ^iTl? "i" Cross,inWn 9 a 9 e * particularly suitable 
erif ied by reaction with a mo^hySc Sol ^ *' Pr0P ° rt ° n 0< * e "^o' 9™P S hav * been eth- 

A coating composition of the invention contains substantially colorless c. .h^k.i. • 

effective type of substiS? nomaS ^SSSSiSSS' *" ^J™ 50 '' ° f Aparticularly 
of silica particles of particle J^3SSISKLlS^ indudes a ^ 01 si,ica sols 

The micropartides suitable far wrmLSfiJ-T ^ ^ SUffaoe modification as described above. 
sub^antaHyinS^ and compounds which are 

gle inorganic oxide such as silica in colloidal uJ*?Zz~\! ?1 examp,e ' ^mpnse a core of essentially a sin- 
on which is deposited an Canic^ ™9anic oxide of J. type 

compositions of the present invention ordinarily are es^^lorlL s 0 S T*?*?? euitaWe for ***** • 
transmissive characteristics of the coatino con™J^Z colorless so as not to seriously interfere with the light 
substantially inorganic ntoo^deTS^SS^ "Wanted. It is to be understood that although the 
WesateJwdJlLflT^ physica. and/or chemical means into 

de sizes, the substantially iSSSS^^^Z!^^^ *** r ^ e of parti- 
1 50 nanometers. The substantially inorganic mS^d* usS^^^ °' *° m ^ 1 *° ^ 

composition should be in a form suitable for disoerston hTh™ « ^ matenalfor .ncorporation in the coating 
stantiaHy Inorganic miaopartic.es fJ^iSS^^'SSSSSST TT" sub 
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^ miCraparto£S and - -» - *. other components 

period of time, but £££S « £r ^^P"* "*"P^« to SSKj! 

ered to fall within the scope of the preTSentS ^ 9 COnvent,ona ' P ainl techniques, is conSd* 

' — n. or the preser* ^ 

nanometer (nmX-preferabVfrom-eJxutatoaC^ 

have been surface mctfrfied 'during and/or afte^^SilSvS^ ^-f 0 "' 4 1 ° 50 " m ' ^ siCca * 
ety of techniques in a variety of forms examoles t V med Such 8,1,035 can be P'W* °y a vari- 
» 'mixed sols" is intended to L^o^n^T^S^l^ mtod S0,S - ^ used herei " th * »erm 
an «9 a nic liquid a^^^ 

referactiye Indices which make them suitable for wmbSSo?^ . 1 d,, ^ iIable - ^ essentially coloriess. and have 
so as to form.substantial.y hw^SK 2n TS? Cn3SS,inkab,e resins and **™t systems 
ments. Moreover, silicas of appropriate part^SS^ 9 COm P ositions are fr " of dyes and pig- 

« organophobicity and oqjwKSy^ £ S^L^^^?° nM,S " ******** hydtophwf. 
and soNrent system utilizedfn the WnglZ^Sn compatMrty with the particdar crosslinkable rJn 

bonded carbon^ntaining moiebes ^1^1^? ™V contain on the surface chemSJy 

groups physically assorted or cS^bSS^. Srlce Si ? 2 ^ « ionic 

b.natrons thereof, depending on the particL ch«£n££ ; deS? ^ ^ "« C ° m " 

-h]s^l^ 

silanesMsocyanatoaltexysiiane; ^^^\S2^LS^7 ^ *^ 

allow the silica to be reacted into the crossfiX ££5Kj ™ V 8 "*" 9™ps on the silica 
crosslinking agent is used. acWitf0nal treatment when an aminbplast or silane 

are -in or cross.in.ng agent, the inorganic parses 

the inorganic partides'J having • fanSSK^ of rovaIe ^ bond* to 

"onalitiesarereactedontoabactooneof lSZ^enl?^iS5l 0 ^ Cross,inkable resi ". ^ere both tunc- 
group. Bamp.es of the polyvaient M^^!^SSS^^T^ * 3 lhWn9 
=r On 9 omers or powers such as a =~n^ 

hydrophobic functional groups ma be reaS Jth ™ " 35 for USe in a wate * ome «*i"g. 

These addec i hydrophi^/ups ni^^SS^^T^ ^ ~' 

functionality is a hydroxy.. carba™, to^^SrSp^rS" , Pr6Sent inVenli0n ' * e P re,erred 
b|o*ed prior to reaction^ the ^an^^d^Si'SSSi ^ ftese 9r0Ups ran be 

able resin. Alternatively, the functionality reS3h * a ^ unb 'o<*ed to react with the crosslinks or crossfink- 
the coupling agent aft* reacS omo S nSSes 0SS " nker " CrKS ' inkab,e reSin ran be onto 
Preferred coup.ing agents for purposes of the present invention have the formula 
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A,0— Si — A 4 X 
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Ih? 5 ?^ 1 • '^s- A 3 ^ ^ are the same or different and are hydroaen or alkvi of i , n on * 

the alky, group is 1 to 20 carbons. The SiOA, bond is J^I T^h?, 1 ° Caitons ' alkox y a W wnef ein 
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SS^^ - X group corpses cartam, 

agents are commercially availa^S^I^ P ? cart3ana,e - ™e bocyantate. amino and hv? n ^^ la,e - 
No. 21 Additive, an amin'o me^ s^Td^Z^^ 6 2^^^ 
s ■socyanatofLincfionaisilane. : me - DcwComn 3 *6040 « glyddoxy functional silane; and Sik^st^™'" 9 

crosslmkable resin depends upon the retefiSS^!S2SJ? '? ' at,0n5hIp between soKrenfsystem a?2 If 
t« as sdubilitv. mobility, polarity. ^^^^^1^^^ relate amounts JSSS?£ 

£S° 5 SUCh «~ iSSS^S SnTrarf^^ 0 " ^ Pi ^nted 

groups. Such groups indude. for ° ne " m ™ ^ °< eWrtSfffiES 

o ouL - ^"i^ epox * acid - ^JS^^.!^"^ Useful cross-Hnkable functional 

B^eS^^ fUnCti ° nal ^^ar^nSaTgtr ^ Pre,erred ^ss-rinteble functional 

USSSS e^"F^ " ,0 COndiUons 50 as to cure 
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erally range between 93°Camn^^ _ . . 

ing on the parted components used, and iSSSSSST^ as^eth^SZlT^T 

cunng times range from 15 to 50 minutes. P" 8 ™** such as the thickness of the layers, however, typical 

g The present invention is illustrated by the following non-limiting examples. 

Examples ^ 

Example 1 ' . 

'o Carbamate Functional Silane Coupling Agent 

of hydroxy propy, carbkmate ^^^SS^SSSSS^T" ab ° Ut40 ° C - 119 *™« 

kept at about 40 °C unfit the reaction was ^J^hI , 9 ™ K ° f methyl ^lone. The system was 
added. The final product E ! ™ " ""T 8 ? »* ' ^«*°™try. 1 0 grams of methano. was then 

oM08.3^equ(o r 325g/equ^ 

Example 2 

Carbamate Functional Silica A 

¥ were aoaea This mixture was then placed in an oven aM40*F (60«C) for 16 hours. / 
Examples 3A-3C * ^/ 

Clearcoat Compositions 

^° Example 3A 

Control Clearoat 

264.1 grams of URECLEAR® ' clearcoat without silica 
Example 3B 

Clearcoat with Untreated Silica 
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Example 3C 
« Clearcoat with Surface Treated Silica 
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These ctearcoaB werelvaL „IS n l/^f?f^ mahyt-a-hexanonewas added. 

Panels were aged 24 hours. Three panels were evaluated. Three 1 5'x 4" areas nn M rh . * , 

"«iee i.o x ^ areas on each panel wrth good gloss, 

Ureclear® ^ a regis ered trademark for a clearcoat contain inn a cartwmatn f„nw , 
BASF Corporation. coma.n.ng a ca*amate fund.onai acryfic resin, and is available from 
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ard dtvation of each oloss was measure r£~T , len9ttl - 17,6 average Initial gloss as well a? # h J~ 

three averages ^ **** - S ,ess 0-5 gloss U and thi^ge « £ 
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repeated in the other two areas of the parS *J££ £ fJSi*'*" ° f 1,16 Cre * n *«- Th* marring proceSwls 
in each of the three marred areas by SZ^SS!SV^ fime - ™ e *» ^ s "Oah nSiS 

retention indicates less scratching. ^ 32 the f irst 0 ,oss measurement The higher degree o? g£2 
The results of the testing are set forth in Table 1 
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Table 1 



i>craicn and Mar Resistance 
Results Ex 3A-3C 


Example 


Gloss Retention 


3A (control) 


80.7% 


3B 


89.2% 


3C 


93.9% 



Example 4 



35 



Polymeric Carbamate Functional Silane Coupling Agent 
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inqredierrt 


Wt fa) 


OSilquest A-1310 Silane 


123.8 


vjjMmyi acetate (urethane grade) 


20.0 


H) Amy! acetate 


127.3 


n-Butanol 


10.0 



Example 5 

Carbamate Functional Silica B 

tonal eoltoid.1 silica dfep^ „, 31 . 3 % „ " «"» F <«° O for 16 hours. This n-suHed ,„ . carte™* £ nc . 



Examples 6A-6C 
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Example 6A 

Clearcoat with Carbamate Functional Silica 

f™R^ ^ionaisinca B fro. Example 5 to W , 

Example 6B • 
Clearcoat vvflh Carbamate Functional Silica 

<^S^ tan Exanp,e 5 were added to 277 .5 grams of URECLEAR® 

weight of-soiid URECLEAR®. * * ^ ™ ^ 93V6 3 whh 30% so n d silica dlpersifn bS on ^ 

Example 6C 
Clearcoat without Carbamate Functional Silica 
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Table 2 



Scratch Resistance 


Example 


GIOSS RfHpnttnq 


6A 


95.0% 


6B 


86.0% 


6C (control) 


77.3% 
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1. An automotive dMTOa eomposlIi „ 
(B) colorless carbide or inorganic micropartdes , 



nanometers prior to incorporation "inThTwa^^K micro P arlicles ™ge in size from about 1 to 1000 
crosslink portion of the"! £m* ftS S"*^ Md ^Wcles are reactVe with the 
(Qasolvents^^^ 

£f ^ 80% by weight and the inorganic miao- 

able re Sl n. the optona. crossing agent, and ^InZ^^^ * °' aM ' 
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fumed silica, and colloidal silica. 



3-Th et ^ Ungco ^ OS) . fionofc(a . miwhere . n 

opanJC,es range in size from 2 0 to 200 nan 

^ ^^onalrty reactive with the 

9 - COat '' n9 of chin, 7 wherein the croons aoen, « • 

(B) colorless carbide or inoroa " ■ "Penally a crossing egent for the 

crosslink- 

"0 applying „ f£ SS*: " » : 

•<~ u ^ uonaj| y a cross/inking agent for the 
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ZSJEEE^^ » - *« « * « ^o, 

IV) baton, Ihe baseooat and dearcoal ^ZlS^S^^^"^^ 

^ y or l °9 e ^er to form a cured film on thesubstrate 

"^Intoi^^l^S^*^" C ° mpKi,i< " ,0 «" Wudes ntaopa,licles 

Porlon whic* k a polyval^ ^ g, ""f*** »«« «»**« a backbone 

and a second fundionaljy ,aac«ve v« Ihe croS^a ^ ™' lh ,he Prtl«, 

Ming ol silicone ^ phc«pW ndta* h S f"" e Which is seleclsa "°°> <"« »o«P con- 

Pdymers and oligomers seLed »2ZTS^"? ii ' l « hll '»''»^^ 
»de. epo*y. and alkvd oligomers and POlTO^anSrS: P0 " e ' he '' urs,hane ' 

"aXtr„s?c™2r;, h s e ^ 

Ame.nod fe „mp,oV m9 Be ^ res , stoeolan ^ ^ coaena ^ 

I) Wlying to a lubau. a p i gment8d oo,-™^. 
(forming a lilm ol the coaling c^slta a^S 

^—"^ I" * «. *« 1 ,o 

m ' h ^^m.^ a ^ c ^Z'° M "'i^^^«'- <•* miwwfcte, a,e .eacled 
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